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Is71 ABsrRAcr - 
A high power pulse of electrical current CaueS Y md 
mnducror to explode and initiate a reacfion betww~ ;in 
ahminum or aluminum alloy powder and wa~cr wh~!i 
generates hydrogen gas at a high tcmvrature and prts- 
sure. The rmction mixture is rcltastd into a stand 
larger chamber equipped with heat exchanger wlaich 
extracts useful kat energy and c.ools down tk ructx3n 
mixture. T)Ie hydJogen gas is then separated from the 
solid metal oxide byproducts in rhe cwled reacrion 
mixture. 

20 Claims, 2 Drvwi.ng Sheets 
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A mmc complete appkat& of this invention, &x~LI 
many of the attendant advantages thereof, will bccornc: 
readily apparent as the same becomes Mtet understoorl 
b>p reference to the following dctaikd dmcription when 
Considered in conjunction with the accompanj~ing 
drawings, wherein: 

FIG. I is a cross-sectional schematic drawing (not 10 
scale) af the test appararus used to demonstrate the 
jnvcntion; 

DETAILED DESCRIPTION OF THE 
50 PREFERRED EMBODIMENT 

1 

11 hfi ken proposed to repiace conventional hydra- 
carbon fuels with claer burning hydrogen in internal 
combustion engines. Unfartunately existing methods of 
storing J@ogen require heavy tanks for the corn- 

wased gas Of complicated W&S for the liquid that are 
uneconomical to USC. The meral hydride, although it 
m & claimed as the best existing mcthti of storing 
hydrogen, is still ZOO heavy to bc used BS a mabile hy- 
drugen storage medium. Additionally, the large stored 
quantities of hydrogen rquirc special safety prtcau- 
tionr. It would be d&able to provide B methti of 
generating the hydrogen gas fuel as needed, 

Same metals like aluminum, magnesium, or lithium 
fact with water, spontaneously generating hydrogen 
gss and heat. Arno~g that r~~tivc metals, abninum is 
the most abundant, cbeapst and mfest metal. But, the 
reaction between aluminum and water is not sustained 
at ambient tempcraturt due to the protectivt oxide 
layer formed on the metal surface. Therefore, the use of 
aluminum as a fucf to generate heat and hydrogen gas 
rcqulres that the protective layer be efficiently and 
continuously removed. 

European patent No, 0 055 134 B 1 (1986) discloses a 
method for the production of hydrogen by inducing 
electrical discharge &etwetn aluminum wirt and alumi- 
num drum both of which WC immerxd in water. U’hen 
a voltage is applied between the wire and drum, an 
arching discharge taks place between tbtm. inducing 
e~cctro-plasmic reaction. The reaction produces hpbro- 
gcn and oxygen gas and aluminum oxide. The arcing 
hween the wire and drum htlps remove the ox& 
layer formed on the wire rip, exposing frcsb aluminum 
10 Ihe wter. Tfius, a continuous generation of bydro- 
gen gas is pxsible uPhen the wire is fed against ths 
drum. 

This process has two major disadvantaees FM, 
clce the prwess is slow, the heat $encrateti from the 
reaction is wasted by being dissipated through the W- 
tef. Second, the ekctrical energy required to sustain the 
reaction is rather high. 11 is estimated that around 20 KJ 
of ektrkj energy is consumed to generortc about 5 
Ikr of hydrogen gas at room temperature and zt pry+ 
SUfC: of one atmosphere. 

Accordin& an object of this invention IS I 0 prw1dc 
de and economic 5ourCe of hydrogen ga5 for ustt ;ds 
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cartndgc). The prcssurr of thr rextion mixturs is 1t1.1~~ j 

exchanger having a large su 
changer is used to extract useful heat energy from the 10 
reactant mixture. The zookC: hydrogen is then scp- 
rated from the remaining reaction pr~&cts. 

The aluminum fuel cumponents are ftn~lg pocukrttd 
aluminum metal or fin&. powdered alxninum alloys. 
Among the aluminum hIlop, aluminum-lithium alloys 15 
and aluminum-magnesium alloys are preferred. The 
aluminum-lithium alloys contain from more than zero 10 
3.0, preferably from 2.0 w 3.0, more preferably from 2.0 
tu 2.8, and still mure preferably from 2.2 to 2.6 weight 
percent of lithium, with the remainder of the dlo> con- 20 
&sting cssentialIy of aluminum. The atuminum-mdg- 

preferably from 3.0 to 4.5 weight percent of magnesium 
with the remainder of the alloy consisting essentially of 
aluminum* As the amou~~t of lithium or magnesium :! 
added to the a&uminum is increased, the amount of elec- 
trical energy required ro jniriate and cause the complete 
reaction between the metal fuel and water is decreased. 

The most preferred oxidizer is water. Water is inex- 
penswe, nontoxic, nsncaustic, nonexplosive, and ther- 3O 
klly stable, Moreover, wafer is stoichiometricvlly -- 
cfkknt. The oxygen is used up in the uxidatlon of rhe 
aluminum fuel pu&ers and the hydrogen is rekascd as 
a gas useful & a fuel. The stoichiametric amount of 
user which will react with the aluminum, aluminum- 3s 
lithium alloy, ur aluminum-magnesium alloy powders IS - 
calculated according to the following equatlans: 

Preferably from about 90 tu about 115, more preferably 
from 95 to 110, and still mire preferably abou; 100 45 
percent of the stoichiometrk amount of water is used in 
the aluminum fuel powdcr/warer slurry. Even greater 
vtiatjon from the stoichiornctric amount of water will 
produce an operative slurry, but the efficiency of the 
process will be significantly reduced. The meti con- 50 
ductor trigger wire provides addirional reactive meal, 
bul this will be a small amount. In examples 1, 2, and 3, 
the aluminum in the conductor trigger wire was 0.82, 
0.63, and 1.25 weighr percent of the aluminum fuel 
powder, respectively. Note that equal weights of aiumi- 55 
num powder and water produce a slurry with only a 
slight stoichiomctric excess (less than 0.3 Pemmj of 
jduminum. Thus, in a system using an aluminum trigger 
wire and equal weights of aluminum powder and water, 
there will be a stoichiomernc excess of a few percent 60 
aluminum. This may he ignored or the weight of water 
USCL! may be ~ncrtti~d a fkui pcr~cnt tu compensate for 
I? 

rarrllc sponges which pry ct111 the q~r~~~~r~ c)i the alu- 
~HHHTI fuel powdrr and WW~. Thr ccrhml;: matr~~hl~ 
ax light *eight, slcctr~~al~~ nonc~nrfu~-krr, arld H-WI 
In other wordj, they ad4 littlr u~~!ht, do nc): chgc 
the resistance propttrt~rs, and do ntiY mlctrftrrc urjt h 1 hc 
kmical reirctiorls of thtL aluminum fL4 pau~dr:r~WIcr 
mixture. The ceramic: ma~rials alsO have wry high 
mdting points and boiling points. Therefore thr CC- 
ramic materials -411 not melt 3r va?rize during the 
high temvraturc reactions. Of the ceramics matcrtials. 
alumina (mp 201Y C.; bp 19HO’ C.) is mast preferrrJ 
An example af these ceramic materials are rhe fine &I- 
mina fiber bundles which are available HI she;rrs or mats 
under the tradename SAFFIL (alumina fikr mat), man- 
ufaciured by Imperial Chemical Industries, Ltd., Mona 
Division, Runcorn, Cheshire, ‘H’A?QS, htrd King- 
dom, The fine ceramic fibers or ceramic spongy UCT 
Lhoroughly and uniformly mixed into a slurry of [fit: 
ahkaum fuel powder and water components The iirx 
ceramic fiber bundles or cermic sp;onges ab~rh the 
~fcr and aluminum fuel powder particles tq sap~ll;rr~- 
action. The fine ceramic fikr bundks (or txratta)C 
sponges) crate small spaces in which the aiumlnum furl 
powder and.water arc krld. This prevents thr aluminum 
fuel powder from settling out of ths water. 

Using the absorbent ceramic matttial (e.g., fine fibr 
bundles or sponges) to take up and hold the water and 
metal fuel powder mixture is Me using Kleenex facid 
tissue tu remove water from a kwl. The tissue absorbs 
and becomes saturated with the wawr. When tbc tissue 
is removed 11 takes the water with it. If not enough 
tissue is used, water remains in the Mwl. In the prexnr 
me, the ideal situAcm is when all of the alummum fuel 
pwder/warer slurry is abs&xd and all of the abbbr- 
bent ceramic mat&al is murated. The prmzss, how- 
ever, will still be operative when more or less than the 
ideal amount of absorbent ccrarnlc matetial is used. The 
fine ceramic fibers or ceramic sponges are added in an 
amount of preferably from about 0.5 10 about 3.0, more 
preferably from 0.5 to 2,0, still mure preferaM>* from 0J 
to 1.5 weight percent based on the weight of the dry 
aluminum fuel powder. Fine fikrs are the more pre- 
ferred form of the ceramic matcriak. The fikrs will 
preferably have a diameter of less than 20 muons. The 
length of the fibers is not critica although longer fibs 
(e.g., 0.25 inches to everal inches) are preferred. Other 
forms of tk ceramic materials should be of comparable 
dimensions 

FIGS. 2A (top wkw) und 2B {side view) MC xhr- 
matic drawings showing B cplindrkal reaction cantidge 
40 which is made of a nonconductive polymer (e-g., 
polyethylene). FIGS. 2A and ZB also show B round 
metal conductor trigger wire 24 running lengthwig 
down the center of the canridge 40 and the aluminum 
fuel powder/water slurry 36 filling the space ktwr;en 
the wire 24 and the canridge 40. The ratio of the cros+ 
section of the wire (C,) to the cross-sPction of the slu~~)l 
iC,j IS proprlruaai LO tht: ratio oi the volume of tht: 
wire (V,J to the volume af tht: slurry (V,). In the prr 
ferred embodlmenr uSing an ahmtnum wire and tirl 
;Iluminum wu-der/uarcr sIurr>*, ti?~ ratlo of C, w C, is 
ah propor~~t~al IO the werght ofalum~num in the ww 
(h’.) to dUJlMIUm ISI the sh-~r)~ (k’,j Table f summar- 
ues the Cm/C, ratios used In cxanrpie 1, 2, and 3 
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C,= cross-s&on wire 
Cs 5 cross-action slurry 
dv = diameter wire 
dS = diameter slurry 
W ,= weight of aluminum in wire 
ws= weight of aiuminuia powder in slurry 
The mtimum rntia of CItQ &is preferably 625; 1, more 
preferably 400;1, and still more preferably 100: 1. The 
prcftrrcd minimum ratio of CJ to C, (- 3.2: 1) is selected 
to keep the weight of the aIutium in the wkt at Icss 
than 5 percent of the weight of the aluminum metal 
powder in the slurry. 

The reactions bcrwcen aluminum, lithium, or magne- 

5 

energy through the medium even after the reaction is 
triggered. 

The electrical discharge parameters NC u follows. 
Ahminum wires requires IO );J per gram of aluminum 
to txplobe. Most prcfcrablb* the wire explocks when the 
discharge current is nc~ar its muimum and most prefera- 
bly ~bbut 50 percent of the discharged clecttiti cncrg>t 
is used to explode the conductor wire. Thus, a minimum 
of 20 u per gram of the aluminum trigger conductor 

10 wire is used in the discharge. If more than tie minimum 
mount of clccttical energy is used, the percentage of ir 
used to explode the metal (c.g., AJJGXIU~) moductor 
will decrease prop&onatcIy. Thus, if 40 KJ per gfam 
of aluminum conductor wire is ustd,25 pcrccnt (10 KJ) 

is of the eicctrical energy is & tu expl& the wire, If 
fess than 20 KJ is ~4, the explosion will occw after 
mtimm current and the reaction may bc if~complcte. 
At the m~xntnt the trigger conductor wire t:pMu, the 
ratio of the ~lcctrical cunent to tht tiggcr wire cross 

20 station is about 2 meg8-ampere5 wr f~uart ccntime~cr. 
Tht kngth of &t ~ktical pulse for tbc CBM wbtre 
capacitor bank is used as power source is determined b> 
the stored cncrgy (determined by capacitance and bank 
voltage), the inductance of the ticc~ric circuit, uad tht 

sium iti the ahminum fuel powder and water are initi- 25 tirnedcpendant rcsis~c~ of the reacting motetid 
atcd and susMntd by an clectri~l discharge through (wire/powdcr/warcr$ Other 
the aiuminum fuel powder/water mixture (slur *ry). This battery, humopoIar gencfmf, 

P 

is preferably done by placing the aluminum fuel ~KW- be used with incorporation of proper power condition- 
dcr/wster mixture in a scaled rcxtion chamber be- ers* The range of p&c width is preferably from abut 
tween two cl~trodcs and passing tbc current between 30 10 to abut 2,ooO microseconds, mare preferably from 
the electrodes through the mixture. This is facilitated by 50 to Loo0 tiicro-rids, and still more preferably 
connecting the eltctrodts with a conductor wire which from 100 tu 500 microseconds. Another parmettr is the 
passes through the aluminum fuel powder/water mix- discharged energy per gram of aluminum fuel powder 
sure. The wnductor wire can be made of any electric in the aluminum fuel pawdcr/water mixture. PreferaMy 

gold silver, iron, n~&cl, tungsten, steel, magnesium, minum fuel powder is US& to assure a complete rcac- 
bras, copper, aluminum or aluminum-lithium alloys tion. Note that these energy requirements UC ba& on 
may be used. More prcfcrably aluminum, aluminum- aluminum. The energy rquirtments for aluminum- 
lithium alloy, or aluminum-magnwium alloy ulifes are lithium alloy and aluminum-magnesium alloy trigger 
used. Aluminum wires are most preferred because they 40 conductor wires and fuel powders arc even lower+ 7%~ 
art inexpensive and produce the silznc wsstc products u 
the aluminum fuel pbwdcr. A numk of fine conductor 

system will s&l opraLe using a large excess of electrical 
energy. For example, IS KJ per gram of aluminum fuel 

wires may be used ksttad of a single large conducror powder will work well. However, using a large excess 
wire. This permits a mwe uniform placement of cun- of electrical energy rquirts heavier tquipmenr without 
ductor wire throughout the mixture of aluminum fuel/- 45 substantially improving performance. 771~ WS~ of the 
water. The total weight of the conductor wire or wires process will also be subsuanGally incr-d. 
is ;lrcferably from about 03 tu ltss than 5 and more FIG. 1 is a thematic drawing (not 10 =hle) reprc- 
prekkably from 0.5 to 2,O weigl~t percent of the alum~- senting typical equipment used to demonstrate the pros- 
num fuel powder in the alum&k fuel powder/wa~~~ ent invention. The tlectric kircuit which provide thr 
slurty mixture. 50 high energy elactrizbl pulse c~mprise-~ a pwe:r SWTCC 

The ekrricd discharge explodes the conductor 30, a power conditioner 22, a meti conductor tfigger 
wire($) whkh in turn provider hot spots of molten mate- wire 24, and a fast switch 26, ti1 of which are ~~nm~ted 
ha1 throughout the premixed aluminum fuel powder/* in series by tlkctric cable 28,30,X, and SThc: tfiggcr 
Wafef mixure. Note that the use of a number of fine: wire 24 is placed in the aluminum fuel pwder (&mL 
conductor wks provides a more uniform distribution 55 num powder, duminum-lithium alloy powder, or aJwni- - 

num-magn-ium powder)/water minrure 36 and borh of thtx hot spots throughout the aluminum fuel POW- 
’ dcrfwatcr mixture. However, the largt single wire is 

Ia expensive to use and less susceptjdle to being dam- 
aged. The chemical I eaction betw~~ the aluminum fu4 
powders (duminum memt or aluminum alloy powders) 60 
and rs’&fCf Ih hrr fl &l;C;Cl CJ rrt the hi spa3 ard p”up* 
gates to the surrounding malerialr because the rcuion. 

P 

is highly exothermic. Therefore most of the aluminum 
Fuel powder is activalcd by chemical means rcrthcr U~au 
ektric~ means. Nonetheless, the provision of hot snots 65 
by tltc exploding conductor dm not necessarily ustaln 
the aluminum fuel powder/water reaction. The SUSUIW 
ing requires o prolonged &charge of the ekctrkal 
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embodtment, the volume i~i the ~~trrior 54 uf rho hat 
exchange 56 is also the effective ~erior ~Iume ~1’ 
second chamber 44. Wwn the r~~tion is substantialI) 
completed the pressure crf hydrogen gas in the intr:riar 
38 of ~he reaction canridge 40 kxeaks the brass IIIUTI- 
branc 50 allowing thr hydrogtrn gas and orher reaction 
products fu flow inla the inrcrior 54 of the heat exb 
changer 56. FE. 1 is not drawn to xalt and the intenor 
54 of the heat exchanger 56 is much larger (for example 
about 50 times larger) than the intrrior 38 of the reac- 
tier cartridge 90. The interior wztl of the heat t:lr- 
changer 56 is coated with a thin protective layer of 
unreactive ceramic ma&al 58 (for example, alumina). 
The heat exchanger 56 extracrs heat from the reaction 
prducts and transfers it to the water 60 which fills tht: 
space lxtween the outer surface of the hear exchanger 
56 and the inner surface of the second chamber 45. COOI 
water is fed through water inlet 62 inro the second 
chamber 44 and steam or hut water is talcen out from 
ourlcr 64. After the hydrogen is cooled, valve 70 is 
opened and the hydrogen is taken from the intetior 54 
of the hear exchanger 56 through exit line 66 and filter 
68 into holding tank 72. During the cooling of the reac- 
tion products, the solid reaction pro&x~s (Ai$& &o, 
M&l) solidify and are easily removed by fihcr 68. Exit 
lint 74 connects the holding tank 72 to the device 78 
which will USC the hydrogen. A control valve 76 COW 
trols the flow of hydrogen through exit line 74. 

f-“ 

The setits electrica circuit as shown in FIG. 1 can be 
summarized as follows. The power sluice 20 is con- 
nccred by electric cable 28 to the power conditioner 22 
which is connected by an ekctrical cable 30 to a high 
current connecrion 52 On the brass clecfrodt 46 at the 
botrom of the reaction canridge 40. The brass electrode 
42 is connected to the other brass electrode 48 at the top 
of the canridge 40 by means of the metal trigger con- 
ductor wire 24 which passes through the center of the 
metal futVwater mixture 36. The brass cIectrodt 4% at 
the top of the canridge 40 is in clcctrical contact with 
the stainless steel chamber housing 42 which provides 
an ekctrical return parh to ciectrical cable 32 which is 
connected IO one terminal of fast switch 26. The other 
terminal af the fast Wtch 26 is connected by tlt~tric 
cable 34 to the power source 20 thus completing the 
stncs. 

The general nature of the invention having been Set 
fonh, the following examples are presented as specific 
illustrations thereof. lt will by understOod that the in- 
vent& is not knited to these s~cific cuunpks but is 
susccptibfc to various modifications that wiH & rtcog- 
nired by une of ordinary skill in the an. 

. EXAMPLE 1 
The oxidation reaction of aluminum powder (4I mi- 

cron in diamettrj with wafer was triggered by al)owing 
an ckctrical current pulse to pass through an aluminum 
uirt emhdded in the mixture of the metal powder and 
water (alumina Mxr uw added tu ensure uniform distri- 
bution of the powder and water). The bore size of Ihe 
canridge 40 was 5 cm Icjng and 1.9 cm in diameter. Tht 
weight of the aimmum pcrwdrr rnd water uw 11 gm 
for each. The sire of aluminum wire was 5 cm and 0.83 

c . 
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8 mm in diamertr (weighed about 7S rn@+ The wire 24 ‘65 
and the mixture 36 wcrc placed in a cmuir arrangemen 
as shown in FIG. 1. The srord energy in rhe power 
source 20 ulas 4-b: KJ Thr rotal discharge: tlmtt was 

EXUWLE Z 

was 5 cm long and 2.5 cm in diameter. The weigh of 
aluminum powder and waler was 19 gm each. The 925 
of aluminum wire was 5 cm long at,d 1 mm In diameter 
(weighed about 1 IO me)* ‘I-he UXA srorcd electric;lf 
energy uras 7.5 );I, The cf;cmical reaction trigetrttLi h! 
the pulse application produced 285 KJ of ther.nal en- 
ergy and 25 liter of hydrogen gas at ro~rn ftmperarure 
and ambient pressure. 

EXAMPLE 3 

The following parameters are difftrent from fh0bc in 
the example f. The bore size of Ihe cartridge MS 9 cm 
long slnd- 1.6 cm in diameter. The weight of aluminum 
powder and water was 16 gm for each. The site OC 
aluminum wire was 9 cm long and l-1 mm in dramltrttrr 
(weighed about 2&1 mg). The total smed electrical 
energy was 4.8 KJ. The reaction produced 240 KJ of 
themd energy and 21 liter of hydrogen gas at ruorn 
temperature and axnbient pressure. 

Obviously, numerous modifications and variations of 
the prtscnt invention are possible in light of the forego* 
ing teachings. It is therefore 10 lx understood that 
within the skpe of the appended claims tilt invention 
may be practiced otherwise than as specifically de- 
scribed herein.+ 

What is claimed as new and dtsircd to be xcured by 
Letters Parent of the United Snares is: 

1. A method of gentrating hydrogen gas and useful 
heat energy, comprising the following steps in ordef: 

(1) applying a high power pulse of clccttical cuntnt 
to B metal electrical conductor causing the metal 
mnductor 10 explode and thus dispcre the metal 
into a mixture of water 8nd ZUI aluminum fuel pow- 
der which is 
(a) aluminum metal powder or 
(b) an ahminum alloy powder, 

wherein the pieces of dispcmd mcud from thr es* 
ploded conductor provide hot spots which initiate 
a chemical reacrion bctwttn the aluminum fuel and 
water lo generate hydrogen gas at high pressurr 
and temperature in a confined frost ch~~~ber; 

(2) contint& to rupply the high pawtrtd pulse of 
efcctricd current to driv,e the reaction bwccn rhc 
Juminkim fuel and water after the mcti conductor 
has exploded; 

(3) allowing the rtactibn ktwttn the aIumiaum fuel 
and watt to 80 substantially to completion; 

(4) then reksing tht reaction mixture into a larger 
second chamber to complete the reaction; 

(5) extracting uxfu) hear energy from the reaction - 
mixture by means of a hear exchanger; and 

(6) separating the hydrogen seas from the remainder 
of the -led reaction mix&rt. 

2. The method of claim 1 wherein the metal eitctrid 

conductor is made of aluminum, an aluminum-iirhiunl 
allOy, or on duminum-magnesium alloy. 

3. The method of claim 2 whcreln tile mr~aj ti~tic~j 
conductor is composed of aluminum. 

4. The method of claim 2 wherein [fir me1a1 C~~CICK~~ 

conductor is compxd of MI aIumintiTTr-hthium alloy. 
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6. The methad of claim 1 Maerein aluminum furl ia an 
&mainum powder. 

7 The method of claim 1 wherein the aluminum fuel 
pwdef is an aluminum-Iirhibm alloy powder. 

8. The method of claim 1 wherein the aluminum fuel 
powder is an aluminum-magnesium alloy powder. 

9+ The method of claim I wherein the weighr af the 
metal ekctric~ conductor is from about 0.5 to about 5.0 

pcrccnt of the weight of the aluminum fuel powder. 
IO. The method of claim 9 wherein the weight af the 

metal cklfid ConduCtUf is from 0.6 10 2.0 percent Of 
the weight of the aluminum fuel powder. 

fl. The ~~~cthod of claim 1 wherein from about 90 10 
rrbout 115 pcfccnr of the stoichiomctric amount of water 
ntcdcd to react with the aluminum fuel powder is USC& 

1X The method of claim 11 wherein from 95 to 110 
pcrccnt of the stoichiometric amount of water needed 
to react with the duminum fuel powder is used. 

1%. The process of claim 1 wherein the minimum 
energy in the dectrical pulx is 30 KJ per gram of that 
metal conductor and 0.3 IU per gram of alutiom CutI 
powder, 


